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Attention Control in Complex Information Processing Tasks

Daniel Gopher

Gabriel Spitz

Technion - Israel Institute of Technology

Abstract

An important concern in human factors engineering of computer suppor-
ted systems are the information'processing capabilities of human operators.
In the present paper we discuss major issues And review results of a
series of studies conducted to investigate voluntary control of processing
efforts under time-sharing conditions. It is shown that human operators
can control and perform fine adjustments in their resource investments.
Operators have more difficulties in lowering their sﬁandatds of perform-
ance to release resources than improve performance when additional resour-
ces are made available. Voluntary control can be improved with proper
training schedules, while practice without instruction may lead to sub-
optimal resource utilization. The implications of these studies to the

design of operator-machine interfaces are outlined.

Introduction

In the age of highly automated computer-based engineering systems,
human factors specialists become increasingly involved in description and
modeling of basic information processing and decision capabilities of the
human operator. This emphasis is even more apparent when Management

s Information Systems (MIS) or Control Command and Communication Systems (C3)

F 1'l'ho work reported in this article was supported by the Life Sciences

t. Directorate of the Airforce Office of Scientific Research under grant.
Dr. Genevieve Haddad at Life Sciences Directorate and Major Christopher
Lind at the European Office were tha scientific monitors of this grant.
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are considered. Much of this work is related to the issue of workload,
i.e. the attempt to adjust the number of tasks, formats of display, modes
of response, rate of information exchange, complexity of procedures and
difficulty of decisions to the attention capabilities of the human pro-
cessing systems. The main emphasis in this work is on the measurement

of the load imposed on the limited capacity control p.ocesses by different

task configurations or environmental variables.

It is important to observe that such modeling c¢fforts are essentially
based upon a rather passive "bottom-up" conception of the human processor.

Load is imposed by tasks, attention is required, processing resources are

demanded. In contrast, recent models of attention emphasize the role of

active "top-down" processes (Rabbit, 1979). The operator is conceived to
be an active controler of his processing resources (Kahneman, 1973), he
can allocate them in shares according to task emphasis (Navon and Gopher,
1979, 1980), and has considerable freedom in strategic planning (Rabbit,
1979). Limits of performance in complex tasks are described as joint
outcome of the constraints imposed on the processing system by task

characteristics and the amount of resources deployed to meet task demands.

An active rather than passive approach to the modeling of attention
processes can revolutionize the design of human-computer dialogues. It
is easy to show that the present designs of dialogues are dominated by the
assumption that attention is indivisible and captured by tasks. One
manifestation of this approach is the effort to simplify and limit the
number of tasks or sources of information that appear simultaneously on
the operator display. Another manifestation is the attempt to develop
algorithms for sequential presentation of events which would present the
operator with only a single event at a time and reduce the probability
that attention will be distracted or captured by another task (e.g. Rouse,

1980).




If the operator has indeed good voluntary control on his resources, :

can allocate at will resources in various amounts and develop alternative

strategies to the performance of the same tasks, the above approaches to
the design of dialogues make suboptimal use of the operator's capabilities.
It may impair considerably the pace of information exchange between the
operator and the computer. This pace is one of the main bottlenecks in

current computer supported systems.

In the present article we summarize and discuss results of several
experiments designed to inves*igate voluntary control on processing res-
ources under highly demanding time-sharing conditions. In all these
studies subjects were given two tasks simultaneously and asked to perform

them with different levels of task emphasis,

Experimental Paradigms

A typical dual task display for these experiments is illustrated in
Figure 1 which is taken from Brickner and Gopher (1981). 1In this task
subjects were asked to perform a letter typing and a digit classification
task under dual-task conditions with 5 levels of intertask priorities.
The letter typing task was performed by entering the correct code for a
displayed letter with the left hand three-key keyboard. Digits were
classified into two, predefined categories by the two keys of the right

hand. Both tasks were self-paced and a new stimulus was immediately

generated by the computer following a response to the previous one.
However, if subjects did not respond within 3 seconds to the presented
stimulus, a new stimulus was generated and the old one was recorded as a

miss.

(Insert Figure 1 about here)
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Fig. 1. Subjects display in the concurrent performance of

' tracking and letter typing with emphasis manipulation
(from Brickner and Gopher, 1981).
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In addition to digits and letters, the display also included a desired
performance line which indicated the relative emphasis (priority) on each .
task in terms of levels of performance that have to be achieved. Also
displayed were moving bargraphs that provided an on-line feedback to
subjects on the difference between their actual and desired performance ;74
levels on each task. The height of the bargraphs at any moment represented

a weighted average reaction time of a ten-trial running window.

Desired performance was determined in reference to a normalized base-
line distribution of performance obtained for each subject in an earlier
training session. Task priorities were manipulated by moving the desired
performance line left or right from the center - equal priorities condition
(which corresponded to the average of the baseline performance distribution
on each task). A priority level of say .7t for letter typing corresponded
to a level of performance that assumed the 75th percentile in the baseline
distribution of typing performance for that subject. That is, an instruc-
tion to put a priority of .75 was actually a requirement to perform at a
level better than the lowest 75 percent of the baseline performance levels.
When performance demands on one task were increased they were simul-
taneously decreased on the other task and vice versa. (For example, on
the digit classification task they were reduced to .25, or the 25th
percentile on the baseline distribuiten of that individual.) Other priority

levels were created in a similar way.

The same paradigm was employed to investigate time-sharing performance
on a variety of task pairs. Gopher and North (1977), North and Gopher
(1976) , Wickens and Gopher (1977) investigated the joint performance of a
one-dimensional compensatory tracking task and reaction time to visually
presented digits. North (1977) used the same paradigm to compare all pair
combinations of four tasks, compensatory tracking, reaction to digists, a

running memory task and digit classification. Gopher and Navon (1980)




_——_

MK

e anien 2
. .

conducted several experiments with a two-dimensional pursuit tracking task;
Brickner and Gopher (1981) and Gopher, Brickner and Navon (1982)

compared tracking and typing, Brickner and Gopher (1981) and Gopher and
Arzi (in preparation) studied concurrent performance of letter-typing

and digit classification. Navon, Gopher, Chillage and Spitz (in prepara-
tion) investigated joint performance of size matching and position

tracking.

In the present article we attempt to present an integrative summary
of the results obtained in these studies that are relevant to the issue of
voluntary control on processing resources. We also present data from new

experiments conducted to highlight some of the points in discussion.

Levels of Commitment

The first gquestion to be examined is the potency of the priority
manipulation as an experimental variable. A second question is the number
of different emphasis conditions that can be created in concurrent per-
formance by using the described experimental technique. A general answer
to the first question is that in all our experiments the effects of
priority changes - were highly significant and in most studies this vari-
able was the single most powerful variable in dual-task performance, as

manifested in the percent of accounted variance.

As for tne number of emphasis levels that can be created, in our
early experiments we employed 3 levels of dual-task emphasis: high
emphasis (.70), equal priorities (.5), and low emphasis (.3). Figure 2
is taken from Wickens and Gopher (1977). 1t depicts the effects of

priority change on the joint performance of a single axis compensatory




o tracking and reaction time to visually presented digits which was a self-
paced task. The fourth point on each curve (1.0) indicates single task

performance levels. Note that tracking represents the continuous and

dynamically changing task domain, while reaction time to digits was

configurated as a discrete, choice and self-paced production task.

(Insert Figure 2 about here) -

Similar effects of priority change were obtained when this manipu-
lation was applied to a pair of discrete, externally paced, digit classi-
fication and letter typing task. Figure 3 is taken from Gopher and Arzi
(in preparation) and illustrates the joint effects of priority change and
difficulty manipulation of letter typing on concurrent performance of the

two tasks (see Figure 1).

(Insert Figure 3 about here)

If we ignore for the time being the exact proporational value was Tu
aassigned to each priority level, a three level emphasis scale is not
difficult to comprehend and communicate to subjects on an intuitive base.
Moving from single task to dual task conditions, subjects may have an -
intuitive feeling of allocating about equal efforts to the performance of
the two tasks. In the same manner, they may have a rough notion of unequal
allocation, i.e. considering one task as primary and the other secondary. -
A three level emphasis scale is therefore easy to construct even on such
intuitive base. But, are human operators capable of performing finer

adjustments of their processing efforts? -

In several more recent experiments we manipulated 5 emphasis levels

in dual-task performance. These were presented as .25, .35, .5, .65
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and .75 percentiles of maximum performance on each task or relative
emphasis of .33, .54, 1, 1.86 and 3.0, respectively. Figure 4 is taken
from the work of Gopher and Navon (1980) and depicts the tradeoff between
vertical and horizontal tracking in pursuit tracking. Figure 5 is taken
from Brickner and Gopher (198l1) and presents the effect of priority
manipulation on the concurrent performance of a two dimensional pursuit

tracking and a letter typing task.

(Insert Figures 4 and 5 about here)

Gabriel Spitz, in his doctoral dissertation, has further refined
the emphasis scale to include 7 levels of dual-task priorities (.10,
.23, .35, .50, .65, .77, .90). Figures 6 and 7 depict the impact of this
manipulation on the joint performance of the same pair of tracking and
letter typing tasks that was used by Brickner and Gopher (Figure 5).
Also plotted in this figure for comparison purposes are the results

obtained for the 5 levels manipulation by Brickner and Gopher (1981).

(Insert Figures 6 and 7 about here)

It is evident from looking at these figures that subjects could
adjust their time-sharing performance to the requirement to allocate their
processing efforts in seven different amounts. This capability was simi-
larly revealed in tracking and in letter typing performance. We can
therefore conclude that human operators are quite capable of producing fine
graded adjustments in the amount of resources committed to the performance
of tasks under time-sharing conditions and that such adjustments have a

strong impact on the efficiency of performance.

Another interesting question that emerges from the comparison between
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the two sets of data presented in Figures 6 and 7 is the theoretical
interpretation of levels of commitment. One possibility is that in every
emphasis manipulation the operator exploits the full range of performance
sensitive to resource investments and he is only concerned about the number
of levels that should be created within this range. Another possibility

is that he is also sensitive to the value assigned to each level and to the
relative distance between levels. According to the first interpretation,
any number of levels will cover the full performance range sensitive to
resource allocation. Thus, the highest and lowest emphasis levels will
always coincide with the edges of the resource sensitive region. When the
number of emphasis levels is increased the same range is sliced into
smaller units. The second interpretation proposes that the operator has

a more objective sense of allocation which takes into consideration not

only the number of levels but also their actual value.

The data plotted in Figures 6 and 7 tend to support the second inter-
pretation. There is a clear difference between the function produced with
a 5 and a 7 level scale. The seven level scale produced a larger range of
performance tradeoff between tracking and letter typing and the distances
between levels corresponded to their assigned nercentiles in the reference
baseline distribution which were different from those employed by

Brickner and Gopher (1981).

Spitz in his doctoral dissertation set out to test this issue more
directly. He varied both the range and the number of priority levels in a
complete factorial design. His main findings are that subjects appear to be
sensitive both to the range and number of required changes. These findings
provide a strong support to the second interpretation demonstrating the
impressive capability of human operators to control the allocation of
their processing resources. Figure 8 is taken from one of Spitz' experi-

ments and depicts the results obtained for three groups of subjects in




the concurrent performance of tracking and typing. One group received
7 levels of priorit.es which span over a large performance range. The

second received only three on the same range. The third group received

7 levels within a narrow performance range. The differences between

groups are clear and show the effects of both variables.

(Insert Figure 8 about here)

Effects of Task Difficulty on the Resource Sensitive Range

How does task difficulty affect voluntary control on processing
resources? We rollow the definition of “"task difficulty" proposed by
Navon and Gopher (1979), which reserves this term for the description of
the constraints imposed by task characteristics2 on resource efficiency.
According to this definition "task difficulty”is equivalent to the "average
efficiency” to performance of a unit resources. Difficulty manipulations
are those changes of task parameters that bring about changes in efficiency
of processing resources. It follows that when difficulty increases and
intertask priorities are manipulated, the range their effect on per-
formance should decrease because performance can benefit less from an

added unit of resources.

This prediction has been repeatedly supported in our dual task
experiments in which both emphasis and difficulty were manipulated. For
example, Gopher and Navon (1980) investigated performance tradeoffs due to
emphasis change between vertical and horizontal pursuit tracking. When
tracking difficulty was increased the rangeof tradeoff between axes as a
result of emphasis change (5 levels) was reduced from 13 to 7 and to 3

percent tracking errors for the easy, medium and difficult versions,

2Navon and Gopher (1979) use the term subjects-task-parameters (STP)

rather than task characteristics, to emphasize their view that these
constraints include environmental conditions, response requirements ‘
and permanent and transient characteristics of the performer. ’ -

POy
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respectively. In another experiment (Gopher and Arzi, in preparation), ]
when an easy or a difficult letter typing task was paired with digit

classification, the range of effects on typing rates of the priority mani-

pulation (3 levels) was decreased from .37 to .27 letters per second on
the easy and difficult versions,.respectively (see also Figure 5). It
is important to note that this decrease does not stem from a reduced
capability to mobilize resources but simply reflects the fact that more

resources are demanded to produce each unit of performance.

Minimal Control Levels

Manipulation of task emphasis under time sharing conditions is based
upon the assumption that when priority of one task is increased subjects
can recruit additional resources to improve performance on it by lowering

their standard of performance on the other task, thereby releasing resources.

The ability of subjects to release resources by lowering their
standards of performance is a central question to the study of attention
control on which we know very little from previous research. Students of
attention have almost exclusively dedicated their efforts to the explora-
tion of the upper limits of the performance-resource function. That is,
to identifying the level of performance beyond which further resource
investment would not yield any performance improvement. The lower end of
the function which represents the first level of commitment is very
rarely considered (for one example see Norman and Bobrow, 1975). This
lowest level determines the amount of resources required for minimal

control, i.e. the first step that distinguishes between the state of

"no control" and the state of "controlled response"”. The significance of
this amount tou the study of attention capabilities via dual-task inter-

1 ference is obvious; no matter what initial priorities of tasks have been
irstructed or voluntarily adopted by the performer, as long as he feels
committed to perform both tasks, he is bound to invest on each one of

3 them at least as much as the minimal level required for controlled response.




- 11 - 1

This commitment may be a prime contributor to the frequent observation T
that subjects fail to protect primary task performance when a secondary 4

task is introduced, even if they are strictly urged to do so (Rolfe,

1971; Ogden, Levine and Eisner, 1979). Hence, upper performance levels on
the primary task under dual task conditions may not be constrained by its
own data limitation or resource efficiency, but by the ability of the

operator to release resources from the performance of the time-shared task.

We first became aware of this issue when we studied the effects of
increased task difficulty on the range of tradeoffs between vertical and
horizontal tracking as a result of priority manipulation (Gopher and
Navon, 1980). wWe found this expected decrease in top performance levels
at high emphasis condition (.75) due to reduced efficiency of resources
with increased difficulty. But, we also revealed a puzzling .improvement
in tracking accuracy at the lower emphasis level (.25) with difficulty
increase. For example, vertical tracking accuracy (l-percent errors)
on the highest emphasis condition was decreased from .860 to .849 under
easy, medium and difficult tracking conditions, respectively. At the
same time performance levels in the lowest priority conditions improved
from .74 to .79 and .81, respectively. Thus, the region of performance
tradeoffs as a result of priority change was shrinked from its two ends
and not only from its upper end as would be predicted from the relation-
ship between task performance and resource efficiency. In a closer

examination of these results and additional self-testing in the perform-

ance of these tasks, we revealed lhat when task difficulty was increased
it became increasingly difficult to lower the standard of performance

(commit more errors) and release resources. That is, it was difficult -
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to lower performance standards without losing control altogether. Minimal

cohtrol levels demanded more resources on the difficult than on the easy 4

task. But, why would the lowest levels of performance improve?

Before we attempt to answer this question let us consider the
following example from bicycle riding. When riding a bicycle a certain
amount of pedal forces are required to create the minimal movement
velocity that would enable comfortable, stable, slow riding. If the
bicycle is replaced by a tricycle, considerably smaller forces are now
needed to initiate smooth, stable, riding, because the system is inherently
more stable and easier to ride. At the same time the initial riding
speed (performance) on the bicycle is likely to be much higher than on the
tricycle. Hence, the first step of controlled performance on the more
difficult task requires more resources but may also lead to a higher level

of initial performance.

The relevance of this example to the findings of the tracking experi-
ments is apparent. It also points out the possible existence of dis-
continuities of different magnitude in the performance resource f..cticn
and in perticular at its starting point. Such discontinuity reflects the
resource demands of the first level of commitment, or the threshold level

of resource investment as it was referred to by Norman and Bobrow (1975).

In a recent experiment conducted to investigate this issue we found

that subjects had more problems in carrying out the instruction to lower

] their performance levels rhan to following the requirement to improve
} performance when the priority of a task was increased (Gopher and Spitz,
L in preparation). This outcome can be clearly observed in Figure 9 which
iz taken from this work. The figure depicts absolute deviations from
desired performance levels only for the two lowest and two highest priority
L' levels of a seven level emphasis scale which was employed in the study of

vertical and horizontal tracking.

_
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{(Insert Figure 9 about here)

The magnitude of deviations is much larger on the two lowest priorities,
which is a counter-intuitive finding,because one would regularly assume that
under time-sharing conditions it will be harder to follow instructions to
perform better than to perform worse. Analysis of the training data collec-
ted in this study together with a reanalysis of part of the data reported
by Brickner and Gopher (1981) showed that in terms of attention control the
main effect of training was to teach subjects to control their behavior at
the low priority region. They learned to lower their minimal performance
levels without losing control. Highly motivated but unpracticed subjects tend
to lose control and lower their performance levels considerably more than
requested. This phenomenon is illustrated in Figure 10 taken from Gopher
and Spitz (in preparation), which presents horizontal tracking performance
on the first and second days of training. It is apparent théf on both days
the largest deviations from the desired performance levels occur at low
priority conditions, and that this is the main region of improvement during

the second day of training.
(Insert Figure 10 about here)

The pattern of interaction between the variables of task difficulty and
task emphasis may therefore be reversed as a result of training. Early in
training larger decrements may be observed at low priorities on the more
difficult task because control collapses. Later in training better perform-
ance can be observed in the same conditions on the more difficult task,
because minimal control levels demand more resources but yield better

performance.

To summarize, the range of performance tradeoffs between concurrently
performed tasks which is under voluntary control, is constrained by the
efficiency of resources and mandatory allocation to assure minimal control

1 levels. Training may act to expand the range of performance senstitive to

‘-llIlllll-lll-llIlIllllIIIIIIllIIIlIIIIIIIIllIlIIIIlIlllllllllllIIIIIIIIIIIIIIIIII---A,
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strategic planning and voluntary control.

Training of Attention Control

We already discussed the effect of practice on the ability of operators
to control their performance at low priority conditions. In the present

section we examine the issue of training in a more general context.

Is voluntary control on processing resources a trainable skill? Can
human operators be taught to better control their allocation of their

resources under time-sharing conditions?

There is a wide data base that shows a very pronounced improvement in
time~sharing performance as a result of practice (see, e.g., Gopher and
North, 1977; Hirst, Spilke, Reaves, Cahacrack and Niesser, 1980). Never-
theless, the question still remains whether the human operatér is a
“natural optimizer". That is, assuming that concurrent performance calls

for the development of an allocation strategy due to sharing of a common

limited pool of resources, do operators make the best use of their resources?

This question was grossly overloocked in thé general investigation of
attention processes, and completely neglected in the study of complex per-
formance skills (time-sharing being one of them). It was, however,
implicitly postulated that the human is a natural optimizer, sensitive
enough to detect deviations from optimal behavior; and would spontaneously

acquire sufficient control on resource allocation to satisfy optimality.

An examination of the faculties attributed to the process of skill
automation in the acquisition of psychomotor skills (Welford, 1976), or
its cognitive counterpart, the transition from controlled to automatic modes
of information processing (Schiffrin and Snyder, 1977) would show that auto-

mation is conjectured to represent the ultimate state of resource efficiency.
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The only limiting condition is enough practice timé. Issues of opti-
mality, sensitivity and control are not even considered. Given enough time
on the task, optimal behavior patterns would emerge spontaneously. Michael
Brickner, in his doctoral dissertation, challenged these assumptions and
set out to test the effects of different training schedules on attention

control (Brickner and Gopher, 1981).

Brickner trained three groups of subjects for 10 hours in the concurrent
performance of tracking and letter typing. The first group, which was labeled
no priorities (NP) group, was given verbal instructions to put equal emphasis
on both tasks. Subjects were given verbal feedback on their performance at
the end of each two minute trial and monetary rewards for good performance.
This manipulation represents the traditional approach. Subjects are allowed
to develop their best spontaneous strategy. Performance is guided by verbal

instructions, supported by verbal feedback and motivated by rewards.

Performance of the first group was contrasted with a second variable
priorities group (VP), which was trained with on-line feedback indicators
on their performance (as in Figure 1) and 5 different levels of task
erphasis. A third group was added for control purposes. It received the
on-line feedback indicators but was trained only in equal priority condi-
tions (EP). This group equalled the first group in that priorities were
not varied, and was equal to the second group in the ex.stence of on-line

augmented feedback on performance.

The results of training were rather dramatic. The group that was trained
under variable priorities reached the highest levels of concurrent performance.
These levels were achieved in spite of the additional interference and load
which may have been caused by the requirement to monitor the feedback

indicators, and adapt to changing emphasis conditions. A change of emphasis
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according to current models should hamper the development of automaticity.
Figures lland 12 are taken from Brickner and Gopher (1981) and demonstrate the
superiority of the variable priority group in both tracking and typing. The
mere addition of on-line feedback indicators did not help typing and had

only a limited impact on tracking performance.
{(Insert Figures 11 and 12 about here)

Following training, subjects in all three groups were transferred to a
new condition. 1In this condition the feedback indicators were removed in all
groups and only verbal instructions were given. Subjects were required to
maintain fixed performance levels on both tasks while their difficulty was
manipulated. Difficulty was manipulated so that when it was increased on one
task, it was simultaneously decreased on the other. To maintain fixed
performance, subjects had to mobilize resources from the perf;rmance of one

task to the other without the benefit of on-line feedback to inform them

of the consequences of their efforts.

Figures 13 and 14 show that those subjects who were trained under
variables priorities were much more successful in protecting performance.
Performance of the other two groups simply reflects the change of task

difficulty.
(Insext Figures 13 and 14 about here)

Similar results were found by Brickner in a second study in which letter

typing and digit classification were paired.

From the results of these two experiments, we can conclude that those
subjects that had to confront the requirement to change task emphasis
developed a better voluntary control on their processing resources. This
improved control enabled them to develop better allocation strategies in

order to maximize the returns of their resource investment. They were also
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more capable in flexible adjustment of their resource allocation to meet

dynamic changes in task difficulty.

It appears that under regular circumstances human operators can y
actively control their resource allocation, but have only limited experience

or knowledge to assure the efficiency and optimality of their allocation.

In the absence of relevant information and proper instruction, spontaneous
strategies may converge on suboptimal solutions. Furthermore, time-sharing
performance appears to be quite rigid and lacks the flexibility to respond

efficiently to fluctuations in the requirement of the situation.

Summary and Conclusions

We reviewed the main results of a series of studies conducted to
investigate the nature and extent of voluntary control on processing

resources. These results show that:

a) Human operators can actively control and perform fine adjustments
in the allocation of their processing efforts under time-sharing
conditions.

b) Operators are sensitive not only to the humber of emphasis levels, but

also to the distance between levels and the range of performance over

. which emphasis is changed.
c) As a result of a and b manipulation of task emphasis has strong
influence on the tradeoff between tasks, and their level of performance
; under time-sharing conditions.
& d) A major problem in attention control is the ability to lower performance
; standards and release resources.
Ei e) A commitment to time-share the performance of tasks implies mandatory
1 allocation of a certain amount of resources to each task to assure
minimal control levels.
)




f) When the difficulty of tasks is increased the rangeof performance
tradeoffs due to emphasis manipulation is reduced. This reduction is
caused by the decreased efficiency of resources and the increased
resource demands of minimal control levels.

qg) Training improves control in low priority conditions and expands the
range of performance amenable to strategic planning.

h) Training under variable priority conditions improves the ability of
operators to use their resources efficiently and increase their

ability to cope with changes in the demands of tasks.

Taken together these eight points provide an overwhelming evidence of
the power, centrality and relevance of the attention control variable to the
design of a wide variety of human-machine interfaces. It is astonishing
that this dimension of human capabilities is completely missihg in our
present human engineering design books. It is true, as has been argued
earlier in this article, that the human is assumed to be able to control
his resources. However, this ability was overestimated on the one hand,
because the human was assumed to be a natural optimizer. On the other hand,

it was grossly underestimated, because we failed to recognize the full power

of his ability to divide attention successfully on many levels.

The results presented in this article can lead to the development of
better procedures to the design of operator-machine dialogues. These
procedures should take advantage of the ability to perform tasks on several
levels based upon their priority or processing requirements. Another area
of application is the developmunt of training schedules that will improve

the ability of operators to cope with complex task demands.
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Figure Captions

Subjects display in the concurrent performance of tracking and
letter typing with emphasis manipulation (from Brickner and Gopher,
1981).

Performance tradeoff between tracking and digit classification
tasks as a function of task priorities (from Wickens and Gopher,
1977).

Set size (difficulty) and priority effects on the joint performance
of letter typing and digit classification tasks (from Gopher and
Arazi, in preparation).

Performance tradeoff between vertical and horizontal pursuit
tracking tasks as a function of manipulating 5 levels of task
priorities (from Gopher and Navon, 1980).

Performance tradeoff between a two-dimensional tracking task and
letter typing task as a function of task 5 levels of priorities
(from Brickner and Gopher, 1981).

Comparative effect of 7 and 5 levels of emphasis scales on the
performance of two dimensional tracking task (from Spitz, in
preparation, and Bricner and Gopher, 198l1).

Comparative effects of 7 and 5 levels emphasis scales on the
performance of a letter typing task (from Spitz, in preparation,
Brickner and Gopher, 1981).

The effect of number and range of priority levels on the concurrent
performance of a letter typing and two dimensional size tracking
task (from Spitz, in preparation).

Deviations of actual from desired performance on the two highest
and two lowest priority levels of a seven level emphasis scale

(from Gopher and Spitz, in preparation).




Fig.

Fig.

Fig.

Fig.

Fig.

10.

11.

12.

13.

14.

- 23 -

Effects of practice on performance deviation from the desired level
as a function of priorities (from Gopher and Spitz, in preparation).
Effects of training strategy on letter typing performance during
concurrent typing and tracking performance (from Brickner and
Gopher, 1981).

Effects of training strategy on tracking performance during
concurrent typing and tracking performance (from Brickner and
Gopher, 1981).

Five replications of letter typing performance in the three training
groups under varying difficulty conditions (from Brickner and
Gopher, 1981).

Five replications of tracking performance in the three training
groups under varying difficulty conditions (from Brickner and

Gopher, 1981).




